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Vision

Overall vision for the book:

The “so what” factor?

Our vision is to “inform” the American people about the
accomplishments of the Space Shuttle and to “empower”
them with the knowledge about the longest-operating
human spaceflight program and make them feel “proud”
about nation’s investment in science and technology that
led to Space Shuttle Program accomplishments.
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ViSiOﬂ (continued)

Focus:

» Science and Engineering accomplishments
(not history or hardware or mission activities or crew activities)

» Audience: American public with interest in science and technology
(e.g., Scientific American Readership: a chemical engineer,
a science teacher, a physician, etc.)

Definition of Accomplishment:

» Space Shuttle Program accomplishments are those “technical results,
developments, and innovations that will shape future space programs”
or “have affected the direction of science or engineering” with a focus
on unigue contributions from the shuttle as a platform.

Guiding Principles:
* Honest

» Technically correct
» Capture the passion of the NASA team that worked on the program
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Wings In Orbit

A new, authentic and authoritative book written by the
people of the Space Shuttle Program

e The Historical Legacy

 The Shuttle and its Operations

 Engineering Innovations

 Major Science discoveries

e Social, Cultural, and Educational Legacies

e Commercial Aerospace Industries and Spin-offs

e The Shuttle Continuum, Role of Human Spaceflight
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Raftzello, the ltalian logistics modide, fles in the
payload bay on STS-100 in 2001,

The Raffaello was successfully berthed

on went smoathly until &
teh in the evolving 1S5
computer architecture brought all 1S5
communications to a halt, along with
the capability of the ground 1o

and control the station,
Coordinating through the shuttle’s
communications systems, the station,

shutile, and grownd personnel organized
a dramatic restart of the ISS.

A major control computer was rebuilt
using & payload computer’s hard drive,
while the hearibeat of the station was
d by @ tiny pie

of rescue
ighty
Mouse™—in the lowest-level computer
on the massive spacecrafl. Astronaut
Susan Helms directly commanded the
IS8 core computers through o notebook

computer, That job was normally
sion Centrol. Having

Station Remote Manipulator System by
wsing it o retumn its own delivery pallet
10 Endeavour’s cango bay, Through a
mix of intravehiculs v, EVA, and
robotic technique: across four
space agencics, the 158 and Endeavour

cti

ench ended the wmbitious mission more

capable than ever,

STS-120—Dramatic
Accomplishments

¢ 2007, with the launch of STS-120,
onstruction was in its final
Crew members encountered
A tasks in several previous

usually dealing with further
problems in balky 1SS solar armys,

A severe Russian computer issuc had
ocenrred during Mlight STS-117 in June
of that ye n intemational

v, forcing
problem resolution team to spring into
action while the shutile 1ok over the
atinwde control of the station.

STS-120, however, was to be one for
the history books. It was already
historic in that by pure coincidence
both the shuttle and the station were
commanded by women. Pamela Melroy
commanded Space Shutile Discovery
and Peggy Whitson commanded the
ISS. Further, the Harmany connecting

node would need to be relocated during

the stage in a “must succeed
During that EVA, the IS8 would b
be in an interim configuration wher
the shuttle could nat dock to the IS5
On this Might, the 1SS would finally
achieve the full complement of solar

armays and reach its full width.

Shonly afier the shuttle docked, the 155
main armay joint on the starboard side
exhibited a problem, which was traced
10 crushed metal grit from improperly
treated bearing surfaces that fouled the
whole mechanism., While teams worked
1w re-plan the mission to clean and
lubricate this critical joint, a worse

problem came up. The outermost solar
army ripped while it was being
deployed. The wing could not be
retracted or fusther deployed without
preater damage. It would be destroyed
if the shuttle tried 1o leave. The huge
Space Station Remote Manipulator
System could not reach the distant tear,
and crews could not safely climb on the
160-volt amray to reach the tear.

In an overnight miracle of cooperation,

skill, and i ity, 155 and shuttle

en, ped a plan to extend

the Space Station Remote Manipulator

System’s reach using the Orbiter Boom
System with un EVA astronaut

Tox a phato iy the
Prassuvized Mating
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The Shuttle and its Operations
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Engineering Innovations
Major Scientific Discoveries

Orbiter Thermal
Protection System

Throughout the design and development
of the Space Shunle orbiter thermal
protection system, NASA overcame
many techni
reusable system that could withstand the
high temperature environments of
re-eniry into Earth's atmosphere
Theodore von Karman, the dean of
American aerodynami;

challenges to attain a

5, Wrole in

try is perhaps one of the

maost difficult prohlems one can

gine, It is certainly 4

problem fhat

constitutes a challenge to the best brains

working in these domains of modern

acrophysics.” He v

protecting the intercontinental ballistic

e nose cones.

een vewrs later,

the Space Shuttle offered considerably

greater difficulti
ection had to be

Its then

P
reusable, and this thermal shicld
demanded both light weight and low
cost, The recuirement for a fully

reusable s

cm m

t that new thermal

ction materials would have

o
1o be developed, »
technology from the previous Mercury,
wd Apollo Programs were
only single-mission capable.

the ablative

Gemini

Engineers embraced this challenge by
ng rigid sili fibrous
materials that could meet the majority
of heating environments on windward

surfaces of the orbiter. On the nose

cap and wing leadi
the h
In respons
compaosite material was developed to

2 cdge, howey

ating was even more extreme.

ed carbon-carbon

bar code. With the use of a handheld
seanning device, crew members simply
seanned the empty food packages after

meals, The device automatically
recorded meal composition and time of
consumption. Net only did bar codes
Facilitate science, they also had the
additional benefit of supporting the
Hazard Anal

P

H
Paint is a food safety program
developed for NASA's early space
food system, Having a unique bar code

ysig and Critical Control

i program for space food

ard Analysis and Critical Control

on each food package made it easy 10
scan the food packages as they w
prioe
1o launch. The unique bar code could
be traced to a specific lot of food

stowed into the food containes

That served as a eritical control point
in the event of o problem with o food
product, If a problem had arisen,

the bar code data collected during the
scanning could have been used 1o

¢ of food from that
same lot, making traceability much
easier and more reliable. This system

locate every p

of bar coding food items carried over
into the 15

fvod system.

Food preparation equipment
evolved during the shuttle era. The

arliest shuttles Mew with a portable
ized

water dispenser and a suite:
food warmer. The first version of the
portable water dispenser did not
micasure, heat, or chill water, but it did
allow the crew to inject water into foods
and beverages that required it, This
dispe !
a galley that, in addition 1o measuring
and injecting water, chilled and heated
it, as well. The shuttle galley also
included an oven for warming foods
to serving temperature. Ironically,

cventu

T

the food preparation system in use
on the 155 does not include chilled
water and, once again, invelves the

Ms

use of the suitcase-sized food warmer

food products,

For heating US

ing for shuttle foods also
changed during the course of the
program, The original rigid, rectangular
plastic containers for rehydratable
foods and be
by flexible
roam in stor,

crages were replaced
sges that took up less
e and in the trash.

The increase in crew size and mission
duration that occurred during the
program necessitated this change.
These improvemenis continue 1o
benefit the 155 food system.

Environmental
Environmental Conditions

Maintaintng & Healthy Environmant During
Spaceflight

The shuttle crew compartment felt like

O STS-122 (2007), Astronul Leland Mehvin enjoys his dessert of refydrated peach amivasia. Also
showira i the pair of scissors that are needed to apen th pouch. On B pouch i & bar code that i
useel fo track the food, The blue Velora atiows the food fo be atteched fo the walls,

environment. In fuet, this system

consisted of a network of systems that
interacted 1o create such an environment,
in addition to cooling or b

various Orbiter systems or companents,
The network included air revi

water coalant loop, active thermal

contrul, atmesphere revitalization

pressure control, management of supply

and waste water, and waste collection

The air revitalization system assured
the safety of the air supply by using
Tithium hydroxide to maintain carbon
dioxide and carbon monoxide at
nontoxic levels. It also removed odors
and trace contaminants through active

, provided ventilation in the
erew compartment via a network of
fans and ducting, controlled the cabin’s
relative humidity (30% to 75%) and
temperature (18°C [65°F] to 27°C
[80°F]) through cabin heat exchangers
for add | comfort, and supplied air

charco:

| room 1o

nd working in space, and the
Control and Life
Support System created that habitable

eooling 1o various flight deck and
midd electronic avionics, in addition

o the crew compartment.
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Major Scientific Discoveries
Social, Cultural, and Educational Legaci
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Social Impact—NASA
Reflects America’s
Changing Opportunities

Before the Sp: Shuttle was

. the acro

concel

ce industry,
NASA employees, and university
rehers worked

res iously on the

carly human spaceflight programs o
achieve President John Kennedy”
of landin,
end of the 1960s. Although these
programs employed thousands across
the United States, white men
overwhelmingly composed the
aerospace field at that time, and very

aman on the moon by the

few women and minoritics worked as

engineers or scientists on this projes
When they did work at one of NAS,
. wormen overwhelming

accepted low-paying, menial jobs.
Few held management or professional

positions, and none were in the
Astromaut Corps, even thou,
women had applicd for the 1965
astronaut ¢lass, By the end of the
decade, NASA offered few positions
1o qualified minorities
Only eight blacks at Marshall Space
Flight Center in Alabama held
professional-rated positions while

v four

nd women,

the Manned Spagecraft Center
{currently known as Johnson Space
Center) in Texas had 21, and Kennedy
Space Center in Florida had only five

Signs of change appeared on the
Tiorizon as federal legislation addressed
many of the inequalities faced by
women and minonties in the work|
During the Kennedy years, the president
ordered the chairman of the US Civil
Service Commission to ensure that the
Federal

wemnment offered positions
» but rathes
person’s ment. Later, he si
the Equal Pay At of 19

not on the basis of se

on 4

ned into

W

making it

illegal for employers o pay women

lower wages than those paid to men for
daing the same work. President Lyndon
gned the Civil Rights
ich prohibited employment

Johnson s et of
1964, whi

discrimination (hiring, promating, or

firing) on the basis of race, sex, coler,
religion, or national erigin: Title VII
of the act established the Equal
Employment Opportunity Con
which executed the law. The Equal
Employment Opportunity Act of 1972
strengthened the commission and

SSion,

expanded its jurisdiction to local, state,
and federal governments during
President Richard Nixon's

administration. The law also required

federal agencies to implemen

affirmative action programs 1o address

issues of inequality in hiring and
Promotion practices

One ye:

e

dier, NASA appointed
Ruth Bates Harris as director of Equal
Employment Opportunity. In the fall
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Social, Cult

ural, and

Educational Legacies

Astronairt Ginon Birlord conducting reseavch oo ST5-53,

In 1883, Colone! Guion Bluford became the first African Amarican fo fly in space.
He eamed a Bachelor of Science in astospace enginearing from Pemisyivania
Stale University, followed by fight schiool and military service as a jet pllot

In Vietnan, which included missions over North Vietnam, He went on Io eam

& Master of Scienee and Doctor of Philosophy I aernspace enpineering with a

minor in kaser physics from the Al Force institute of Tochnology. He also eamed
 Mastr of Business Administration after joiing NASA. Prior ta joining NASA
5 i Alr Force aSHonaut, he completed research with seversl publicaions.
Since leaving NASA, he has held many leadership positions.

As a NASA astronayt, he Maw on four missions: two on Chalenger (1983, 1985),

and hwe on Discovery (1997, 1992).

D Bhford as Said, | was very proud o have served i the astranaut program
and fo have particlpated on four very successful Space Shuttis fMghts. | also
fett very privileged to have been a rofs model for many youngsters, including
Alrican American kids, who aspied fo be scientists, engineers, and asironauts
In this country. For me, being & NASA astronaut was a great expenience for

wihvich | will afways chevish,

of 1973, Harris proclaimed NASA's
equal employment oppartunity
program “a near-total failure,”

Among other things, the agency’s
record on recruiting and hiring

women and minoritics was inadequate,
In October, NASA Administrator

Congress held hearing
the agency's affirmative
programs, Legaslaters concluded that

NASA had a pattern of discriminating

onal Legacies

against these groups, Eventually,

a resolution was reached, with Fletcher
reinstating Harrs as NASA's deputy
assistant administrator for community
and human relations, From 1974
through 1992, Dr. Harriett Jenkins,
the new chicf of affirmative action at
NASA, began the process of slowly
diversifying NASA’s workforce and
increasing the number of female

and minority candidates.

Though few in number, women and
made important

to the Space Shuttle Program as
NASA struggled with issues of race
and sex. Dottie Lee, one of the few
women engineers at Johnson Space
Center and the subsystem manager for
Aerothermodynamics, encouraged
engineers 10 use a French curve d
for 1 nose, which is now

NASA numed Isanc Gillam as he
Shuttle Operations at the Dryden F
Research Center, where he coordinated
the Approach and Landing
Inn 1978, he became the first African

[ests.

American 1o lead a NASA center.
JoAnn Morgan of Kennedy Space
Center served as the deputy project
manager, which developed the Space
Shuttle Launch Processing Systems
Central Data Subsystems used for
Columbia’s first launch in 1981,

Astronaut Corps

Forced to diversify its workforce in the
19705, NASA encouraged women and
minoritics to apply for the first class of
Space Shuttle astronauts in 1976, When
NASA announced the names in January
of 1978, the list included six women,
three African Americans, and ong
Japancse American, all of whom held
advanced degrees. Two of the women
were medical dectors, another held a
gincering, and the others held
PhDs in the sciences. Two of the three
African Americans had camed
doctorates, while the third,
Giregory, held a master’s d
only Asian member of their class,
Ellison Onizuka, completed a master's
degree in aerospace engineering. This
was the most diverse group of
astronauts NASA had ever selected and
it illustrated the sea change brought
about within the Astronaut Corps by
1978. From then on, all astronaut

Froderick

Astronaut Michas! Anderson (Liewtenant Colonet,
US Air Foree) flew on STS-89 (1998) and then o
thr ifl-Fated Cotumbia,

The objectives are to inspire students
10 prepare for college by taking more
advanced mathematics course
with improved problem-sol
skills, and learning more about the

fields of engincering, Parents are
helping plan their
child’s academic career in science,

involved i

mathematics, or engincering.

Students participate in a 2-week traini
program ench summer, Alabama A&M
School of Engincering faculty and
NASA employees serve as students”
leaders and mentors, At the end, the
students present thei ring and
mathematics projects, From these
activitics, the curmiculum and
management design are dissemi
1o other minority-serving insti

Lee High stuctent, work 25 a team fo assemie
thair LEGO NXT Mindsform rabot.

Long Distance Calls from Space

Students and teachers have friends in
high places, and they ofien chat with
them during shuttle missions. In
November 1983, Astronaut Owen
Garriott carried a handheld ham radio
aboard Space Shuttle Columbia, The
ham radio comacts evolved inta the
Space Shuttle Amateur Radio
Experiment, which provided studenis
with the opporiunity 1o talk with
shuitle astronauts while they orbited
the Earth. Ham radio contacts moved
from shuttle 1o the International Space
Station, and this activity has

wransitioned 10 amateur radio on
board the International Space Station.,
In addition to ham radio contact.
students and teachers participated in
live in-flight education downlinks that

included live video of the astronauts on
orbit. The 20-minute downlinks
provided a unigue leaming opportunity
for students 1o exchange ideas with
astronanis and watch demonstrations in
a microgravity environment. Ham
radio contacts and in-Might education
downlinks allowed over 6 million
students to experience a personal
connection with space exploration,

Astronauts Speak to Students Through Direct Downlink

el Eclucation

s 473
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Engineering Innovations
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Major Science Discoveries
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Executive Editor on the contents and
the final manuscript...”
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